Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin's lymphoma and is considered to have heterogeneous biological characteristics [1] . Therefore, identification of a high-risk group or a specific subtype of DLBCL is particularly important. Assessment of the prognostic parameters at the initial diagnosis may enable implementation of risk-based stratification of therapy and facilitate the identification of those who may benefit from early intensive therapy. Recently, CD99 expression has been demonstrated in DLBCL and other non-Hodgkin's lymphomas, and Sung et al. [2] occasionally identified recurrent DLBCL patients who were positive for CD99 and resistant to chemotherapy. These findings prompted us to determine clinicopathologic characteristics of CD99-expressing DLBCL.
CD99 is a membrane epitope best known for its role as a diagnostically useful marker of Ewing sarcoma/primitive neuroectodermal tumor in childhood [3] . CD99 is also present in a variety of other tumors, including some carcinomas [4] [5] [6] , testicular and ovarian sex cord tumors [7] [8] [9] [10] , synovial sarcomas [11, 12] and miscellaneous other tumors. Among hematopoietic neoplasms, lymphoblastic lymphomas/leukemias [13] [14] [15] , acute myeloid leukemias [16] and anaplastic large-cell lymphomas have shown CD99 immunoreactivity (54.0-64.4%) [2, 17] . The impact of CD99 positivity on treatment outcome has not been observed in DLBCL previously. In order to define the prognostic impact of CD99 expression in DLBCL, we retrospectively investigated 155 DLBCL patients in whom biopsy specimens were available for further pathologic examination.
Patients and Methods

Patients
The criteria for inclusion were as follows: (1) pathologically confirmed diagnosis of DLBCL according to the WHO classification [1] ; (2) a complete set of clinical data being available, and (3) adequate paraffin-embedded biopsy specimen for CD99 immunohistochemistry. A complete set of clinical information in this analysis included patient demographics, treatment type, treatment outcome and vital status.
Tissue Microarray Construction
Tissue microarray (TMA) blocks were constructed for 155 cases of DLBCL using a tissue array (ISU abxis, Seoul, Korea). The available hematoxylin-eosin-stained slides for each case were reviewed by the pathologists, and representative areas were selected for TMA construction. Each individual case was represented by 2 tumor cores of 1.0 mm taken from the original paraffin blocks. Serial 4-m sections were cut from the TMA blocks and used for CD99 immunohistochemical analysis. Other immunohistochemical stains (Bcl-2, Bcl-6, CD10 and MUM-1) were performed using whole sections from the original paraffin blocks.
Histology
All pathologic specimens were reviewed by an experienced pathologist (Y.H.K.) and reclassified in accordance with the WHO criteria for pathologic diagnosis. Immunohistochemical analysis of the paraffin sections was performed using monoclonal and polyclonal antibodies to detect lineage-specific and lineage-characteristic antigens. Cases of confirmed follicular architecture and transformed lymphoma were excluded from this study. Immunophenotyping was performed using a panel of monoclonal antibodies, including antibodies against CD99, CD10, Bcl-6 and MUM-1 (all from Dakopatts, Copenhagen, Denmark). A cutoff value of 10% positive cells was used for CD99 staining. Using these markers, DLBCL was categorized into two subgroups, the germinal center B-cell-like (GCB) and non-GCB type, using the algorithm proposed by Hans et al. [18] .
Treatment
Patients received one of the following initial treatment modalities: (1) an anthracycline-containing chemotherapeutic regimen; (2) a non-anthracycline-containing chemotherapeutic regimen, and (3) supportive care only. The anthracycline-based regimens used were as follows: CHOP (cyclophosphamide, doxorubicin, vincristine and prednisolone; n = 102), rituximab-CHOP (n = 21) and others (n = 26). Four patients received best supportive care only. Treatment response was assessed according to standard response criteria [19] .
Statistical Analysis
Overall survival (OS) and progression-free survival (PFS) were estimated using the Kaplan-Meier product-limit method. OS was calculated from the date of diagnosis to the date of death from any cause or the last follow-up. PFS was measured from the date of diagnosis to the date of the first documented progression, death or the last follow-up visit. Survival rates were compared for statistical differences using the log-rank or Breslow (generalized Wilcoxon) tests. Continuous biologic variables were dichotomized. A backward stepwise Cox regression analysis was performed to delineate prognostic factors at multivariate level and all hazard ratios were adjusted for age. A value of p ! 0.05 was considered statistically significant and all p values correspond to twosided significance tests.
Results
Patient Characteristics and CD99 Immunohistochemical Results
A total of 155 patients pathologically diagnosed with DLBCL between September 1994 and December 2005 were included in this analysis. All patients were Korean, immunocompetent and negative for anti-human immunodeficiency virus antibody. Baseline characteristics are summarized in table 1 . In all 155 cases, paraffin-embedded tissue was available for CD99 immunohistochemical analysis, and 60 (38.7%) cases were identified as CD99 positive. The staining pattern of CD99 was predominantly membranous ( fig. 1 , 2 ).
CD99 positivity was significantly associated with advanced stage (p ! 0.01), a higher risk group according to the International Prognostic Index risk score (p ! 0.01) and non-GCB group (p = 0.01). There were no significant differences in the distribution of primary treatment modalities between CD99+ and CD99-groups (p = 0.12). Of the 132 (85.2%) patients in whom treatment responses were available (CD99-, n = 83; CD99+, n = 49), 120 responded to the initial therapy (overall response rate, 90.9%). The overall response rate to the initial treatment was not significantly different between CD99+ (44 of 49, 89.8%) and CD99-DLBCL patients (76 of 83, 91.6%; p = 0.73).
Impact of CD99 Positivity on Survival
After a median follow-up period of 38 months (range, 1-156 months), 5-year OS and 5-year PFS were 66.7 and 58.1%, respectively. The difference in PFS between CD99+ and CD99-groups was statistically significant (p = 0.04; fig. 3 b) , even though the difference in OS was not (p = 0.74; fig. 3 a) . Subsequently, we performed subgroup analyses according to sex (male vs. female) and GCB versus non-GCB status ( fig. 4 , 5 ) . Male CD99+ DLBCL patients disclosed a more rapidly deteriorating clinical course F or the following patient characteristics data were missing: performance status (n = 9), initial disease presentation (n = 9), Ann Arbor stage (n = 11), LDH level (n = 6), International Prognostic Index (IPI) risk score (n = 17), B symptoms (n = 9), bone marrow involvement (n = 10) and histologic subtype (n = 3). ULN = Upper limit of normal.
a Non-anthracycline-based chemotherapy versus anthracycline-based chemotherapy. compared to CD99-DLBCL patients in terms of PFS, which was statistically significant (p = 0.02; fig. 4 b) . In non-GCB DLBCL patients, CD99 positivity had a statistically significant adverse effect on PFS (p = 0.01; fig. 5 b) . However, CD99 positivity did not influence OS in female and GCB DLBCL patients ( fig. 4 a, 5 a) .
Prognostic Factor Analyses
The results of univariate and multivariate OS analyses, including CD99 expression, performance status, lactic dehydrogenase (LDH) level, sex, age group, presence of B symptoms and Ann Arbor stage, are summarized in table 2 . In the univariate analysis for OS, performance status, LDH level, age and stage were significantly associated with survival. In the multivariate analysis, patients with advanced performance status according to the Eastern Cooperative Oncology Group (ECOG 2-4), high LDH level, advanced stage and older age had a higher risk of death than patients with low performance status (ECOG 0-1), low LDH level, lower stage and younger age ( table 2 ) . The results of univariate and multivariate PFS analyses, including CD99 expression, performance status, LDH level, sex, age, presence of B symptom and stage, are summarized in table 3 . In the univariate analysis, LDH and stage were significantly associated with survival. In the multivariate analysis, patients with stage III/IV tumors were at higher risk for disease progression than patients with stage I/II tumors.
Discussion
An analysis of 60 DLBCL patients with CD99 expression highlighted previously unrecognized features of this disease -advanced stage at onset, frequent association with poor International Prognostic Index components and non-GCB subtype. To the best of our knowledge, this work represents the first study to evaluate the significance of CD99 positivity on treatment outcome and survival in DLBCL patients. Even though this study does not provide a definite conclusion whether CD99+ DLBCL constitutes a distinct disease subtype or a group with a poor prognosis, CD99+ DLBCL appears to be a unique subgroup of DLBCL.
One previous study demonstrated that CD99 was overexpressed in 5.4% of DLBCL patients (2/37) and the malignancy was considered immunoreactive for CD99 if diffuse cell membrane staining was observed in 1 70% of tumor cells (10% cutoff value in present study) [2] . The staining pattern of CD99 was predominantly membranous. Three patients of our series showed cytoplasmic staining without membrane staining. Because only a membranous pattern is considered diagnostic for Ewing sarcoma and lymphoblastic lymphoma in most studies [2, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , we only included cases with membrane staining.
Similar distribution of treatment modalities between CD99+ and CD99-patients (anthracycline-based chemotherapy; 66.7 vs. 72.0%, respectively) was observed, with CD99+ DLBCL showing similar response to frontline chemotherapy compared to CD99-DLBCL. Only 21 patients had been treated with rituximab. Therefore, we did not analyze the relationship between CD99 and clinical outcome stratified by rituximab treatment. The therapeutic impact of adding rituximab to the first-line therapy in CD99+ DLBCL needs to be evaluated in the setting of well-designed clinical trials. Due to the retrospective nature of this study, stratification of therapy according to the CD99 status in DLBCL could not be firmly established.
Univariate analysis of survival indicated that CD99+ patients had significantly worse PFS compared to CD99-patients (p = 0.04 by Breslow test and p = 0.058 by logrank test), even though OS was not statistically significant. The reason why OS was not statistically significant is not clear. However, this discrepancy can be explained by a relatively short median follow-up (38 months).
The issue of whether CD99+ DLBCL represents an independent disease entity remains unanswered and needs to be clarified in future studies. In addition, the number of CD99+ patients would have been 13, if the cutoff value of CD99 positivity was set at 70%. The impact of CD99 overexpression in DLBCL should be validated in a study including a larger patient cohort.
The role of the CD99 molecule in the aggressiveness of CD99+ DLBCL remains to be elucidated.
The relatively high frequency of CD99 overexpression in DLBCL observed in this study is intriguing, raising the question of the potential role of CD99 in the pathogenesis and/or development of DLBCL. CD99 appears to mediate a distinctive apoptotic signal at a critical stage of thymocyte differentiation [20] . CD99 is also suggested to be an activation-related molecule which is upregulated in recently activated lymphocytes [21] .
CD99+ DLBCL was associated with more advanced disease stage and non-GCB subtype (p ! 0.01 and p = 0.01, respectively) according to the criteria established by Hans et al. [18] . In this study, 67.8% of the cases were of the non-GCB subtype. These clinicopathologic characteristics may provide a clue to elucidate the aggressiveness of such DLBCL. The biologic and clinical implications of CD99 in DLBCL are worthy of further investigation.
In conclusion, our study provides new clinicopathologic information on CD99+ DLBCL, particularly unique clinicopathologic features. Further studies are needed to clarify the prognostic impact of CD99 overexpression.
